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© Vaccine containing polypeptides derived from the envelope gene of human immunodeficiency 
virus type 1. 



@ An Acquired Immunodeficiency Syndrome (AIDS) vaccine containing, the Human Immunodeficiency Virus, 
Type-1 (HIV-1) envelope proteins is produced from cloned HIV-1 envelope genes in a baculovirus-inset ceil 
vector system. The recombinant HIV-1 proteins are purified, assembled into particles and then adsorbed on an 
aluminum phosphate adjuvant The resulting adsorbed recombinant HIV-1 virus envelope protein formulation is 
highly immunogenic in animals and elicits antibodies which bind to the HIV-1 virus envelope and neutralize the 
infectivity of the virus in in vitro tests. 
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VACCINE CONTAINING POLYPEPTIDES DERIVED FROM THE ENVELOPE GENE OF HUMAN IM- 
MUNODEFICIENCY VIRUS TYPE 1 



BACKGROUND OF THE INVENTION 

The Human Immunodeficiency Virus Type-1 (HIV-1) is a retrovirus which causes a systemic infection 
with a major pathology in the immune system and is the etiological agent (Barre-Sinoussi et al. 1983; 

5 Popovic et al. 1984) responsible for Acquired Immunodeficiency Syndrome (AIDS). Clinical isolates of HIV-1 
have also been referred to Lymphadenopathy-Associated Virus (Feorino et al. 1984), Human T-cell 
Leukemia Virus Hi (Popovic et al. 1984) and AIDS-related Virus (Levy, et al. 1984). 

AIDS has become pandemic and the development of a vaccine has become a major priority for world 
public health. A high percentage of persons infected with HIV-1 show a progressive loss of immune function 

70 due to the depletion of T4 lymphocytes. These T4 cells, as well as certain nerve cells, have a molecule on 
their surface called CD4. HIV-1 recognizes the CD4 molecule through a receptor located in the envelope of 
the virus particles enters these ceils, and eventually replicates and kills the cell. An effective AIDS vaccine 
might be expected to elicit antibodies which would bind to the envelope of HIV-1 and prevent it from 
infecting T4 lymphocytes or other susceptible cells. 

/5 Vaccines are generally given to healthy individuals before they are exposed to a disease organism as 
an immune prophylactic. However, it. is also reasonable to consider using an effective AIDS vaccine in post- 
exposure immunization as immunotherapy against the disease (Salk. 1987). 

It is widely believed that the HIV-1 envelope is the most promising candidate in the development of an 
AIOS vaccine (Francis and Petricciani. 1985; Vogt and Hirsh. 1986; Fauci. 1986). The HIV-1 envelope 

20 protein is initially synthesized as a 160,000 molecular weight glycoprotein (gp160). The gp160 precursor is 
then cleaved into a 120,000 molecular weight external glycoprotein (gpl20) and a 41,000 molecular weight 
transmembrane glycoprotein (gp41). These envelope proteins are the major target antigens for antibodies in 
AIDS patients (Barin, et al. 1985). The native HIV-1 gp120 has been shown to be immunogenic and capable 
of inducing neutralizing antibodies in rodents, goats, rhesus monkeys and chimpanzees (Robey, et al. 

25 1986). 

Cue to the very low levels of native HIV-1 envelope protein in infected ceils and the risks associated 
with preparing an AIDS vaccine from HIV-1 infected cells, recombinant DNA methods have been employed 
to produce HIV-1 envelope antigens for use as AIDS vaccines. Recombinant DNA technology appears to 
prevent the best option for the production of an AIDS subunit vaccine because of the ability to produce 

30 large quantities of safe and economical immunogens. The HIV-1 envelope has been expressed in 
genetically altered vaccinia virus recombinants (Chakrabarty et al. 1986; Hu et al. 1986; Kieny et al. 1986), 
bacterial cells (Putney et al. 1986), mammalian cells (Lasky. et al. 1986), and in insect cells. Synthetic 
peptides derived from amino acids sequences in an HIV-1 gp41 have also been considered as candidate 
AIDS vaccines (Kennedy, et al. 1986). 

35 The use of a baculovirus-insect cell vector system to produce recombinant HIV-1 envelope proteins is 
disclosed in copending, coassigned US patent application Serial No. 920,197 filed October 16, 1986. The 
above-identified patent application and the publications referenced herein are herein incorporated and made 
part of this disclosure. 

This system has been demonstrated to be of general utility in producing HIV-1 proteins and other 
40 proteins. As examples, the baculovirus Autographa californica nuclear polyhedrosis virus (AcNPV) has been 
used as a vector for the expression of the full length gpl60 and various portions of the HIV-1 envelope gene 
in infected Spodoptera frugiperda (fail armyworm) cells (Sf9 cells). Also disclosed in the above-identified 
patent application is the truncated gp160 gene (recombinant number Ac3046), the protein produced from 
recombinant Ac3046, and a purification technique for the Ac3046 gene product that includes lentil lectin 
45 affinity chromatography followed, by gel filtration chromatography. The gpl60 protein purified in this 
manner and aggregated to form particles was found to be highly immunogenic in rodent and primate 
species. 

The ideal AIDS vaccine, in addition to the requirements of being substantially biologically pure and non- 
pyrogenic, should provide life-long protection against infection with HIV-1 after a single or a few injections. 
so This is usually the case with live attenuated vaccines. When killed bacteria or viruses, or materials isolated 
from them, such as toxoids or proteins, are used to make a vaccine, there often results a poor antibody 
response and only short term immunity. To overcome these defi ciencies in a vaccine, an additional 
component called an adjuvant is added which has the property of being able to help stimulate the immune 
response. An adjuvant in common use in human vaccines (Bomford. 1985) are gels of salts of aluminum 
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(aluminum phosphate or aluminum hydroxide) and is usually referred to as an alum adjuvant. 



SUMMARY OF THE INVENTION 

5 

It has been discovered that recombinant HIV-1 gp160 protein, especially when adsorbed onto an 
adjuvant such as alum. e.g. aluminum phosphate, is particularly useful as an AIDS vaccine. One aspect of 
this invention is an AcNPV expression vector having the coding sequence for a portion of the HIV-1 env 
gene which encompasses the amino acids 1-757 found in the recombinant clone number 3046 and the 
io production of that recombinant HIV-1 envelope protein in insect cells codes for by the amino acid 
sequences 1-757. 

Other aspects of this invention comprise formation of recombinant envelope protein particles from the 
gene product from the baculovirus recombinant virus that produces the 3046 protein and adsorption of the 
3046 particles to aggregates of aluminum phosphate. 

is 

DETAILED DESCRIPTION OF THE INVENTION 

The recombinant baculovirus Autographa californica nuclear polyhedrosis virus (AcNPV) which contains 
20 the truncated HIV-1 gp160 gene coding for the HIV envelope protein 1-757 amino acids (recombinant 
Ac3046) is described in copending, coassigned U.S. application Serial No. 920,197, as well as the cloning 
step employed to construct the recombinant baculovirus containing genes or portions of genes from HIV-1 . 
The following is a detailed description of the genetic engineering steps used to construct Ac3046 
expression vector. 

25 In the following description, the materials employed, including enzymes and immunological reagents, 
were obtained from commercial sources. 

Details of the practices of this invention are set forth hereinbelow with reference to the accompanying 
drawings wherein: 

Fig. 1 illustrates the cloning strategy used to isolate the HIV-1 envelope gene (env) from the E. coli 
30 plasmid pNA2. The hatched regions are HIV-1 DNA sequences and the open regions are from the cloning 
vectors. The black region in p1774 is constructed from synthetic oligonucleotides and was introduced as a 
Smal-Kpni fragment into the Smal-Kpnl sites of p!614. The sequence of this synthetic oligonucleotide is 
shown. 

Fig. 2 illustrates the strategy used to construct the recombinant vector (p3046) used to construct the 
35 baculovirus expression vector Ac3046. The plasmid pMGS3 contains sequences (cross-hatched areas) from 
the baculovirus AcNPV on either side of a cloning site at position 4.00. This site has the unique restriction 
endonuclease sites for Smal, KjmI, and Bglll. In the 5' direction from the 4.00 position is the AcNPV 
polyhedrin promoter and in the 3 direction is the sequence 5-TAATTAATTAA-3 which has a translational 
codon in ail three reading frames. The plasmid p1774 artd the sequence of the synthetic oligonucleotide 
40 region is as described in Fig. 1. The plasmid p3046 contains all of pMGS3 except for the sequence 
between the Smal and Bglll sites and the HIV-1 envelope gene in p1774. 

Fig. 3 shows the nucleotide sequences of the DNA flanking the Ac3046 gp160 coding sequences . 
The 3046 env DNA sequence between +1 and +2264 is shown in Fig. 4. 

Figs. 4a-4k show the actual DNA sequence of the HIV-1 env gene segment along with the synthetic 
45 oligonucleotide sequences at the 5 end of the env gene in Ac3046 between + 1 to +2264. The location of 
restriction endonuclease sites are listed above the DNAsequence and the predicted amino acid sequence 
is listed below the DNA sequence. The bases are numbered on the right and on the left. 

Fig. 5a-5d compare the DNA sequences of the env gene from Ac3046 with a published env gene 
sequence from LAV-1. The LAV-1 sequence is on the top and Ac3046 is on the bottom. A line ( ) )below 
so the LAV-1 sequence indicates that the sequence in Ac3046 is the same in this position. The DNA sequence 
numbering used is that desribed by Wain-Hobson. et ai 1985 for LAV-1. 

Fig. 6 shows the EUSA end point dilution titers of human HIV-1 antibody positive sera (top graph) 
and rhesus monkey sera (bottom graph) from animals immunized with gp160 (U55, KL55) or gpl20 (AB55. 
CD55, GH55). The EUSA titers were measured against highly purified gp120 and gpl60 proteins. The 
55 specifically bound antibody was measured with a goat anti-human IgO HRP conjugate. The highest dilution 
of serum that gives a positive response in the test is the titer. 

The following are examples illustrative of the practices of this invention: 
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EXAMPLE 1 

Construction of the baculovirus recombinant Ac3046 bearing the H1V-1 coding sequence for amino acids 1- 
5 757 

Cloning and expression of foreign protein coding sequences in a baculovirus vector require that the 
coding sequence be aligned with the polyhedrin promoter and upstream sequences and on the other side 
with truncated polyhedrin coding sequences such that homologous recombination with the baculovirus 
iq genome results in transfer of the foreign coding sequence aligned with the polyhedrin promoter and an 
inactive polyhdrin gene. 

Accordingly, a variety of insertion vectors were designed for use in AIDS env gene constructions. The 
. insertion vector MGS-3, described below, was designed to supply the ATG translation^ initiating codon. 
Insertion of foreign sequences into this vector must be engineered such that the translation^! frame 
75 established by the initiating codon is maintained correctly through the foreign sequences. 

The insertion vector MGS-3 was constructed from an EcoRM restriction fragment clone of DNA isolated 
from a plaque purified AcMNPV isolate (WT-1), and was designed to consist of the following structural 
features: 4000 bp of sequence upstream from the ATG initiating codon of the polyhedrin gene; a polylinker 
introduced by site directed mutagenesis, which consists of an ATG initiating codon at the exact position of 
20 the corresponding polyhedrin codon, and restriction sites Smal, Kpnl, Bgll and a universal stop codon 
segment: 1700 bp of sequence extending from the Kpnl restriction site (which is internal to the poloyhedrin 
gene) through to the terminal EcoR! restriction site of the EcoRM clone. 

25 EXAMPLE 2 



Construction of baculovirus recombinants bearing LAV env coding sequences 

30 A recombinant plasmid designated NA-2 consisted of a 21.8 kb segment of an entire AIDS provirus 
inserted into pUCl8. This clone was reportedly infectious since it could produce virus following transfection 
of certain human cells (Adachi et al. 1986). The complete envelope gene sequences contained in NA-2 
were derived from the LAV strain of HIV (Barre-Sinoussi et al. 1983). 

The HIV-1 envelope gene was isolated and engineered as described below, see also Fig. 1. The 

35 envelope gene was initially isolated from NA-2 as a 3846 bp Ecol/Sacl restriction fragment and cloned into 
the EcoRl/Sac! restriction site pUC19. The resultant plasmid was designated as p708. The envelope gene 
was subsequently reisolated as a 2800 bp Kpnl restriction fragment and cloned into the Kpnl restriction site 
of pUC18. The resulting clone was designated p1614. This Kpnl restriction fragement contained a slightly 
truncated piece of the envelope gene such that 121 bp of the N-terminal corresponding sequence was 

40 missing. This missing part in the gene, which included the signal peptide sequences, was replaced by 
insertion of a double-stranded synthetic oligomer which was designed from the LAV amino acid sequence 
using preferred polyhedrin gene codon usage. To facilitate further manipulation, a new Smal restriction 
sequence was concomitantly introduced in place of the ATG initiating codon. The ATG initiation codon will 
be supplied by the insertion vector. The resultant plasmid was designated a p1774. 

45 Referring now to Fig. 2. restriction fragments from p1774 containing coding sequences of vaious 
' domains of the AIDS envelope were cloned into the MGS vectors such that the ATG initiating codon of the 
insertion vector was in-frame with the condons of the envelope gene. Construct p3046 consisted of the 
Smal/BamHI restriction fragment isolated from p1447 inserted into the Smal/Bglll site of the plasmid vector 
pMGS-3. This clone contains sequences coding for amino acids 1 through 757 of gp160 and uses a 

so termination codon supplied by the MGS-3 vector. 



EXAMPLE 3 

55 

Preparation and Selection of Recombinant Baculovirus 

The HIV env gene recombination plasmid p3046 was calcium phosphate pecipitated with AcMNPV DNA 
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(WT-1) and added to uninfected Spodoptera frugiperda cells. The chimeric gene was then inserted into the 
AcMNPV genome by homologous recombination. Recombinant viruses identified were by an occlusion 
negative plaque morphology. Such plaques exhibit an identifiable cytopathic effect but no nuclear occlu- 
sions. Two additional successive plaque purifications were carried out to obtain pure recombinant virus. 
5 Recombinant viral- DNA was analyzed for site-specific insertion of the HIV env sequences by comparing 
their restrictions and hybridization characteristics to wild-type viral DNA. 



EXAMPLE 4 

w 

Expression of HIV env from recombinant baculoviruses in infected insert cells 

Expression of HIV-env sequences from the recombinant viruses in insect cells should result in the 
/5 synthesis of primary, translational product in the form of a pre-pro-protein containing ail the amino acids 
coded for from the ATG initiating codon of the expression vector downstream from the polyhedrin promoter. 
This primary product will consist of amino acids translated from the codons supplied by the recombination 
vector. The primary translation product of Ac3046 should read Met-Pro-Gly-Arg-Val at the terminus where 
Arg (position 4) is the Arg at position 2 in the original LAV clone. The Met-Pfo-Gly codons are supplied as a 
20 result of the cloning strategy. 



EXAMPLE S 

25 

Nucleotide sequence of the gp160 insert and flanking DNA 

The nucleotide sequence of the gpl60 insert and flanking DNA was determined from restriction 
fragments isolated from viral expression vector Ac3046 DNA. The sequencing strategy involved the 
30 following steps. The 3.9 kbp EcoRV-BamHI fragment was purified by restriction digestion of Ac3046 viral 
DNA. The Ac3046 vial DNA had been prepared from extracellular virus present in the media of cells being 
used for a production lot of vaccine. 

As shown in Fig. 2, the 3.9 kbp EcoRV-BamHI fragment consists of the entire gp160 gene and 100 bp 
of upstream and about 1000 bp of downstream flanking DNA. Of this, the nucleotide sequence of the entire 
35 gpl60 gene was determined, including 100 bp of upstream and 100 bp of downstream flanking DNA. 

Briefly, the results of the sequencing revealed a chimeric construct as predicted from the cloning 
strategy. The sequence of the gp160 was essentially as reported by Wain-Hobson et al. (1985). The 
sequence of 2253 bases between the presumed translation initiation and termination codons predicts 751 
amino acid condons and 28 potential N-linked glycosylate sites. The estimated molecular weight of gpl60, 
40 including the sugar residues, is approximately 145,000. 

Sequence analysis of 200 bases of flanking DNA indicated correct insertion as indicated in Figs, 3, 4 
and 5. 

45 EXAMPLE 6 



Amino Acid Sequence of gp160 

so Using standard automated Edman degradation and HPLC procedures, the N-terminal sequence of the 
first 15 residues of gp160 was determined to be identical to that predicted from the DNA sequence. The N- 
terminai methionine is not present on the gp160 protein. This is consistent with the observation that AcNPV 
polyhedrin protein is also produced without an N-terminal methionine. A summary of the actual 5 gpl60 
DNA and N-terminal protein sequences, as has been determined by analysis of the AcNPV 3046 DNA and 

55 purified gp1 60, is as follows: 



LAV env gene in the AcNPV 3046 expression vector 
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Residue # 2 3 4 5 6 7 8 9 10 11 12 13 14 
Pro Gly Arg Val Lys Glu Lys Tyr Gin His Leu Trp Arg 
Trp Gly 

ATG CCC GGG CGT GTG AAG GAG AAG TAC CAA CAC CTG TGG 
CGT TGG GGC 



Lav env gene in the original LAV-1 done 

Residue * 1 2 3 4 S 6 7 8 d 10 11 12 13 14 
Met Arg Val Lys Glu Lys Tyr Gin His Leu Trp Arg Trp 
Gly 

ATG AG A GTG AAG GAG AAG TAT CAG CAC TTG TGG AGA TGG 
GGG 



EXAMPLE 7 



Purifications of recombinant gp160 

One aspect of the prevent invention is the procedure used to extract and purify the recombinant HIV-1 
envelope protein coded for in the Ac3046 expression vector. The recombinant HIV-1 envelope protein 
gp160 is produced in S. frugiperda cells during the 4-5 days after infection withe Ac3046. Purification of the 
gp1 60 protein involves the steps: 
1. Washing, the Cells 
Z Cell Lysis 

3. Lentil Lectin Affinity Chromatography 

4. Gel Filtration Chromatography 

5. Dialysis 

The following steps describe the purification of the recombinant gp 160 from Ac3046 infected cells 
obtained from 2 x 109 infected cells: 



Washing the cells. 

Infected cells are washed in a buffer containing 50 mM Tris buffer, pH 7.5, 1 mM EDTA and 1% Triton 
x-100. The cells are resuspended in this buffer, homogenized using standard methods, and centrifuged at 
5000 rpm for 20 min. This process is repeated 3 times. 



Cell Lysis. 

After the washed cells are lysed by sonication in 50 mM Tris buffer, pH 8.0-8.5, 4% deoxycholate, 1% 
B-mercaptoethanol. Sonication is done using standard methods. After sonication. only remnants of the 
nuclear membrane are intact and these are removed by the centrifugation of 5000 rpm for 30 min. The 
supernatant containing the extracted gpl60 contains no intact cells as determined by light microscopy 
observations. 
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Gel filtration. 

Gel filtration is done in a Pharmacia. 5.0 x 50 cm glass column packed with a Sephacryl resin 
(Pharmacia), The total bed volume is about 1750 ml. To depyrogenate and sanitize the column and tubing 

5 connections, at least 6 liters of 0.1 N NaOH is run through the column over a period of 24 hours. The 
effluent from the column is connected to a UV flow cell and monitor and chart recorder (Pharmacia) then 
equilibrated with 4 liters of Gel Filtration Buffer. The crude gp 160 is loaded onto the column then 
developed with Gel Filtration Buffer. The column separates the crude mixture into three major UV absorbing 
fractions. The first peak comes off between about 500 and 700 mis, the second between 700 and 1400 mis 

w and the third between 1400 and 1900 mis buffer. This same profile is observed on small analytical columns 
from which it has been determined that the first peak is material that has a molecular weight of £ 2,000.000. 
Thi's peak is translucent due to a concentration of high molecular weight lipids and lipid complexes. This 
peak also contains from 10% to 20% of the gp 160 extracted from the infected cells. Apparently this 
fraction of gp160 is complexed to itself or other cell components to form high molecular weight aggregates. 

is The second broad peak contains the majority of the gp160 and proteins with molecular weights of between 
about 18,000 and 200.000. The third peak contains little protein and the majority of the UV absorption is 
due to the B-mercaptoethanol in the sample. When the second peak is first detected from the tracing of the 
UV absorbance, the effluent from the column is directly onto the lentil lectin column. Once the second peak 
has come off the column, the effluent is disconnected from the lentil lectin column and directed to waste. 

20 

Lentil lectin. 

The lentil lectin affinity gel media (Lentil Lectin-Sepharose 48) was purchased in bulk from Pharmacia 
25 The lentil lectin was isolated by affinity chromatography on Sephadex to greater than 98% purity then 
immobilized by coupling to Sepharose 4B using cyanogen bromide. The matrix contains about 2 mg ligand 
per ml of geL The lentil lectin column is a 5.0 x 30 cm glass column (Pharmacia) containing 125 ml lentil 
lectin-Sepharose 4B gel. The affinity matrix is reused after being thoroughly washed and regenerated by a 
procedure recommended by the supplier. When not in use, the gel is stored in the column in a solution of 
30 0.9% NaCI, 1 mM MnCI2, 1 mM CaCI2, and 0.01% thimer^soi. The column is washed and equilibrated with 
250 ml lentil lectin buffer described above before each use. The crude gpl60 is applied to the column 
directly as it is eluting from the gel filtration column, as described above. Once the crude gp160 is bound to 
the column, it is washed with 800 ml lentil lectin buffer containing 0.1% deoxycholate. Under these 
conditions all of the gpl60 binds to the column, lentil lectin buffer plus 0.3M alpha-methyl mannoside is 
as used to elute the bound glycoproteins which is monitored through a UV monitor at a wavelength of 280 nm. 



Purification summary. 



40 Summary of the purification of gp 160 from 1 liter of infected cells: 



Purification 


Total 


gp160 


% 


Contaminants Removed 


Step 


Protein 1 


Protein 


gpi60 






mg 


mg 


Total 




Cell pellet 


1-2000 


20 


1-2 


Culture medium 


1.2,3rd Wash 


250 


15 


6 


Serum Albumin, most Nucleic Acids, and Soluble Cell Proteins 


Gel Filtration 


120 


12 


10 * 


Lipids. Nucleic Acids, and high mol wt aggregates 


Lentil Lectin 


14 


10 


70 


Nonglycosylated proteins 


Dialysis 


13 


9 


70 


Sugar, deoxycholate, excess Tris buffer 



1 The total protein content was estimated from the absorbance at 280 nm 



55 
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Assembly of gp160 Particles. 

As one aspect of the present invention, it has been discovered that the gpl 60 antigen can be 
assembled into particles of Z 2.000,000 molecular weight during purification. The gp160 protein is extracted 

5 from the cell as a mixture of 80-90% monomeric (160.000 molecular weight) and 10-20% polymeric 
(particle form). The gel filtration step removes the aggregated forms of gp160. Attempts to purify the gp160 
from this fraction (first peak off the gel filtration column) suggest that it is complexed with other cell 
proteins, possibly even with membrane fragments. However, the gp160 antigen in the second peak off the 
gel filtration column has a molecular weight of about 160,000-300.00 and is. therefore, in predominantly 

io monomeric or jdimeric form. The formation of aggregates of polymers of gp 160 occurs during the 
development of the lentil lectin column. It has been determined that the antigen forms aggregates whether it 
is eluted from the lectin column in 0.5% doxycholate, which is about the 0.2% critical micelle concentration 
(CMI) for doxycholate, or whether the gp160 is eluted from the column in 0.1% deoxycholate. The size of 
the aggregates are measured on a high resolution FPLC Superose 12 column (Pharmacia). Samples from 

15 representative lots of purified gp160 have a size that is predominantly equal to or greater than the 2.000,000 
molecular weight of a blue dextran size standard. It is likely that, as non-glycosylated proteins are removed 
from association with the gp160 antigen during the binding and washing to the lentil lectin column, the 
hydrophobic portions of gp!60 begin to form intermolecular associations. The deoxycholate is probably not 
bound to the gpl60 as the concentration can be kept above the CMI and the antigen will still form 

20 complexes. The assembly of this antigen into aggregates appears to be an intrinsic property of this protein 
once it is purified. It is possible that the very hydrophobic N-terminal sequence that is present on the gp160 
protein contributes to the natural ability of this protein to form particles. After purification, the gpl60 
complexes can be sterile filtered through an 0.2 micron cellulose acetate filter without significant loss of 
protein. 

25 

Analysis of Particle Formation. 

An analysis of purified gp160 by electron microscopy demonstrates that there were protein-like, 
30 spherical particles of 30-100 nM. As an additional test for the presence *of particles, purified gp160 was 
analyzed by gel filtration. About 100 ug gp160 was applied to a Superose 12, FPLC gel filtration HR 10/30 
column (Pharmacia, Inc.). This column was first calibrated with protein molecular weight standards. The 
protein profile from this column is highly reproducible with respect to the elution volume being inversely 
proportional to the molecular weight of protein standards. The column separates the monomeric gp160 from 
35 the polymeric forms and excludes globular proteins of £ 2 x 106 molecular weight When developed on this 
column, essentially ail of the purified gp160 eiutes in the void volume and is, therefore, 2 2 x 106 molecular 
weight in size. 
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Adsorption of gp160 to Alum. 

45 The effectiveness of insoluble aluminum compounds as immunologic adjuvants depends on the 
completeness of adsorption of the antigens on the solid phase. As a part of the present disclosure it was 
discovered that alum could be made that would efficiently adsorb the gp160 but at a pH that would not 
reduce the potency of the gp160-aium complex as an immunogen. The factors controlled during the 
formation of alum (aluminum phosphate gel) are: 

so 1. The optimal pH for adsorption of antigens to alum is about 5.0. However, it was discovered that the 

gp160 lost immunogenicity at a pH of 6.5 in comparison to a pH of 7.5 so the Alum is made at a pH of 7.1 
z 0.1. ft was discovered that essentially 100% of the gpl60 will still adsorb to the alum at this pH. 

2. The ionic strength from the NaCI present is relatively low and is less than 0.15 M. 

3. There is a molar excess of aluminum chloride relative to sodium phosphate to assure that there is 
55 an absence of free phosphate ions in the supernatant 

4. The gp160 antigen is added to freshly formed alum to stop crystal growth and minimize the size of 
the particles. 



8 



EP 0 327 180 A2 



The procedure to make 100 ml alum and adsorb purified gp160 to the alum so that the final 
concentration of antigen is 40 ug/ml is outlined hereinbelow: 

Preparation of Reagents (200 mL total formulated lot). 

1. Prepare the following solutions in 100 mL sterile, pyrogen-free bottles or beakers. Mix the salts for 
Solution 1 and Solution 2 and the sodium hydroxide and filter through 0.2u cellulose acetate filters into 100 ^ 
mL sterile, pyrogen-free bottles. 



Solution 


AIC13.6H20 


0.895 grams 


1 


NaHAc.3H20 


0.136 grams 


dissolve in 40 mL WFI water, 0.2u filter 


Solution 2 


Na3P0.12H20 


1 .234 grams 


dissolve in 40 mL WFI water. 0.2u filter 


Solution 3 


NaOH 


2.0 grams 


dissolve in 100 mL WFI water, 0.2u filter 


Solution 4 


Tris 


1 .25 grams 


dissolve in 100 mL WFI water, add 1 mL to 


90 mL WFI, adjust pH to 7.5 with 0.5N HCI, 


and bring to 100 mL with WFI 





2. Autoclave solutions for 30 min; slow exhaust. Cool to room temperature. 



Formation of Alum 

1. Add Solution 1 (aluminum chloride-sodium acetate to the formulation vessel using 25 mL sterile, 
disposable pipets. "Note the volume of Solution 1 and begin stirring the solution. 

2. Add Solution 2 (sodium phosphate) to the vessel using 25 mL sterile, disposable pipets and 
continue stirring as the precipitate forms 'and note the volume of Solution 2. 

3. Add 3mL Solution 3 (sodium hydroxide) and continue stirring for 5 min. Take an 0.5 ml sample 
and measure the pH. If the pH is less than 7.0, add an additional 0.5 ml sodium hydroxide, stir for another 5 
minutes and measure the pH again. Continue until the pH is between 7.0 and 7.2. 

4. Determine the total volume added to the formulation vessel (Solution 1 + Solution 2 + Solution 
3). then add sterile WFI to bring the volume to 100 mL 

5. Immediately add 8,000 ug purified gpl60 in 1Q0mL of 1mM Tris pH 7.5 directly into the 
formulation vessel. 

6. Continue stirring for a minimum of 20 minutes, then dispense the formulated vaccine into a sterile 

vial. 



EXAMPLE 10 



Immunogenicity of Alum adsorbed gpl60. 

An accepted method to determine the immunogenicity of an antigen preparation (vaccine) is to measure 
the specific antibody response in groups of mice which have been given a single dose of antigen. At the 
end of 4 weeks the mice are bled and the serum antibody levels to a specified antigen (usually the antigen 
used to immunize the animal with) measured by a standard antibody test such as an EUSA (enzyme linked 
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immunoabsorbant assay). 

The immunogenicity in mice of purified gp160 with no adjuvant at pH 6.0 and pH 7.5 adsorbed as 
described in Example 9 with alum, or mixed with Freunds Complete Adjuvant are summarized hereinbelow: 



5 



TO 



Group 


gp160 


Seroconversion 


gp160 


Adjuvant 


Lot# 


Mean 


% 


(P/N) 2 








EL1SA OO 1 






lug 


None, pH 7.5 


8702 


0.140 


57% 


4/6 




None. pH 6.0 


8702 


0.110 


26% 


2/7 




Alum 


8702 


1.000 


90% 


9/10 




Alum 


8705 


2.285 


100% 


6/6 




Freund's 


8604 


1.108 


83%. 


5/6 




Freund's 


8702 


1.396 


100% 


7/7 


dug 


Freund's 


8604 


0.434 


67% 


4/6 






8705 


1.003 


67% 


4/6 



1 The mice were bled 28 days post immunization and the sera tested at 1 :10 
dilution in an EL1SA assay against gel-purified gpl60. Sim ilar results were 
obtained using a commercial EUSA (Genetic Systems inc.; ElA lm ELISA) assay 
against the native HIV-1 proteins at a serum dilution of 1:400. 

2 The number of seroconverted mice (?) to the total number tested (N). 



25 Mice immunized with single 1.0 ug dose of gp160 antigen without any added adjuvant will elicit an 
antibody response against gp160 (see table above). However, a much stronger antibody response is seen 
in groups of mice immunized with 1.0 ug gpi60 adsorbed to alum adjuvant. A single dose of less than 0.1 
ug of gp160 mixed with complete Freund's or formulated with alum will seroconvert £ 50% of the 
immunized mice. Although less so, the gpl60 antigen was immunogenic in mice as an unformulated 

30 antigen at a pH 7.5 and a pH 6.0, but there was a loss of immunogenicity at the lower pH. 

. The ability of a candidate vaccine to elicit an immune response is a very important biological property. 
To confirm that the alum formulated gp160 vaccine was immunogenic in animals and to confirm that the 
alum adjuvant increased this immunogenicity, the following experiment was performed. On day 0, mice 
(groups of 10) were injected with a single dose (0.5 ug or 5.0 ug) of gp160 alone, gpl60 adsorbed to alum 

35 or gpl60 in complete Freund's adjuvant (CFA). On day 28 the mice were bled and the sera examined by 
EUSA (1:10 dilution) for the presence of antibodies to gp160. 

Results from the sera drawn on day 28 are summarized in the table below. In all groups, greater than 
50% of the mice showed seroconversion. At all the doses the number of seroconversions and the average 
serum absorbance readings (OD*so nm at a 1:10 dilution in the EUSA assay) were higher with gp160 

40 adsorbed to alum than those obtained in mice immunized with gp160 alone. These results demonstrate that 
the alum adjuvant significantly increased the immunogenicity of the gp160 antigen. 
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2 8 Davs Post-Injection 



0,5 i£i Dose 1.0 ffl Dose 5,0 Dose 



Mean 



Mean 



P/N 1 OP 2 P/H OP 



P/N 



Mean 
OP 



70 



gpl60 



9/10 .407 7/10 .699 7/10 .430 



15 



gpl60 (alum) 9/10 .547 8/10 .797 10/10 1.347 
gp!60 (CFA) 10/10- 1.130 10/10 1.967 10/10 1.317 



20 



25 



30 



1 The number of nice that seroconverted (P) compared to 
total number tested (n) at 28 days after being immunized 
with 0.5 jig, 1 M g or 5 M g of VaxSyn** HIV-1. 

2 The mean absorbance (OD 450) of the mice that sero- 
converted as measured by the sponsor's ELISA assay 
against gp!60 at a 1:10 dilution of serum 



35 



-40 



45 



EXAMPLE 12 



Neutralization Data 



HIV-1 neutralization assays are an accepted method to determine whether an antibody preparation will 
inhibit the HIV-1 virus from infecting susceptible human cultured lymphocyte cells. Antisera from animals 
immunized with gp160 were tested in an HIV-1 neutralization assay and the results summarized in the table 
beiow. 



50 



55 
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5 



Animal 


Identification 


Immunogen/Adjuvant 


ug' 


Neutralizing 
Titer 2 


Rhesus 


G55 


gpl20/Alum 


16/8/8 


1:80-1:160 


Rhesus 


H55 


gp120/Alum 


16/8/8 


1:80-1.160 


Rhesus 


L55 


gp160/Alum 


16/8/8 


211:80 


Mice 


Pool 3 


gp12Q/Freunds 


.2S/.25.25 


1:40-1.80 


Mice 


Pool 8 


gp160/Freunds 


.1/.1/.1 


1:40-1.80 


G. Pig 


purified IgG 


gp/160/Freunds 


10/10/10 


1:320 



10 1 Micrograms of gp160 or gp120 administered during the first/second/third 

immunization. 

2 The highest dilution of antisera that will inhibit the infection by 50% relative to HIV-1 
infected cells that were exposed to serum from non-immunized animals 

is 

Guinea pigs, rabbits and rhesus monkeys have also been immunized with gp160 (using alum or Freunds as 
an adjuvant). In general, the immunization of these animals has produced a good antibody response against 
the HIV-1 envelope proteins. 

20 

EXAMPLE 13 



Immunogenicity in Chimpanzees 

25 ■ 

Genetically, the chimpanzee is man's closest relative and is currently the only animal model for 
infection of HIV-1 . In a safety/immunogenicity trial in three chimpanzees, two chimpanzees were immunized 
with 40 ug or 80 ug gpl60 in alum formulated vaccine. Each received a booster immunization at 4 weeks 
with 40 ug and 80 a g gp 160, respectively. A control animal was vaccinated at the same time with 1 ml 
30 saline solution. Weekly serum samples were analyzed from each of the three chimpanzees for antibodies to 
gp160 and to HIV-1 viral antigens using three immunological assays, an ELISA assay against purified gp160 
developed by MicroGeneSys, Inc., Western Blot analysis, and a commercial HIV-1 ELISA assay. The results 
of these analyses are described below: 

35 

ELISA (MGSearch HIV 160). 

The ELISA assay, MGSearch HIV 160, MGSearch being a trademark of MicroGeneSys, Inc. of West 
Haven, Connecticut U.S.A., is an immunoadsorbant assay against gp160 and is described in copending 

40 coassigned U.S. patent Application Serial No. 920.197. Serum samples taken before immunization and for 
the 11 weeks following the primary immunization were diluted from 1:10 to 1:100,000 and then incubated 
with nitrocellulose strips containing 100 ng purified gp160 in a spot The end point dilution titer is the 
highest dilution in which the test was positive for anti-gp160 antibody as detected with a goat anti-human 
IgG-alkali phosphatase conjugate. The serum samples from the control animal and from the preimmune 

45 sera of the immunized animal were negative. The chimp which received and 80 ug dose was positive at a 
1:100 dilution by week 2 and the chimp which received a 40 ug dose was positive at 1:10 dilution by week 
4. The antibody titers to gpl60 continued to increase until week 5, at which time the end point dilution titers 
were approximately 1:100,000 and 1:2,000, respectively. The antibody titer in both animals dropped just 
slightly during weeks 6-11. This type of response is similar both quantitatively and qualitatively to antibody 

so responses commonly observed in chimps that have been vaccinated with a human Hepatitis B Virus 
Vaccine. 



Commercial EUSA Test 

It was clear from the MGSearch HIV 160 EUSA and Western blot analyses of sera from the VaxSyn 
immunized chimpanzees, VaxSyn being a trademark of MicroGeneSys, Inc. for AIDS vaccine, that they had 
seroconverted and have antibodies against the recombinant gp160. To determine if they were also making 
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anti-HIV antibody which recognized the native viral envelope proteins, the preimmune sera and sera from 
weeks 1 through 11 were tested in a licensed, commercial ELISA test kit LAV ElA test kit, LAV EIA being a 
trademark of Genetic System Corporation, Seattle. Washington, U.SA The animal immunized with 80 ug 
gp160 was positive at a 1:100 dilution by week 2 and continued to show an increase in antibody level 
5 through week 6. The animal immunized with 40 ug was positive at a 1:100 dilution by week 6. 



EXAMPLE 14 

Distribution of Antibodies Between gpl20 and gp4l 

it is important to determine whether the antibody responses against gpl60 in a vaccinated animal is 
directed against gp41 or gp120 or both. A variety of immunological methods, including radloimmuno- 

is precipitation (RIP), immunofluoresence (IF), Western blot analysis, and quantitative EUSA against three 
different recombinant envelope antigens were employed to detect and measure for the distribution of 
antibodies against various regions of the HIV-1 envelope proteins. Fig 6 summarizes the immunoreactivity 
of three different recombinant antigens (1) gp120-7 (truncated recombinant HIV-1 gp120 with about 40 
amino acids missing from the C-terminus of the molecule), (2) gp120 (full length recombinant HIV-1 gp120; 

20 and (3) gp160. Human sera from 50 HIV-1 antibody positive, individuals and 3 pooled human sera were 
highly reactive with gp160, moderately reactive with gpi20 and little or no antibody reacted with truncated 
gp120. It is likely that the truncated gp1 20. which represents more than 90% of the HIV-1 external 
glycoprotein, contains protective determinants. The observation that human AIDS positive sera have few 
antibodies to this region of the envelope is consistent with the fact that the immune response to viral 

25 infection is not fully protective and that human positive sera usually exhibit a low-level of neutralizing activity 
in vitro. In contrast, rhesus monkeys immunized with either the gp160 immunogen or with the truncated 
gpTIcThave antibodies that react strongly with the truncated gp 120 portion of the HIV-1 envelope. This 
difference in distribution of antibody recognition sites along the viral envelope and the higher titers observed 
in the monkeys may account for the fact that the monkey sera had high neutralizing titers. A quantitative 

30 assessment of the immunoreactivity of these three. recombinant envelope antigens with human and imrnune 
rhesus. sera is presented in Fig. 7. All the monkey sera tested had high titer antibody against the truncated 
gp120 antigen (gp120-7), including those from animals immunized with gp160. 

The following is a listing of and a more complete identification of the reference cited hereinabove: 

35 
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Claims 

30 » 

1 . Undenatured or native HIV-1 envelope protein. 

2. Recombinant undenatured.or native HIV-1 envelope protein of Claim 1 . 

3. Substantially biologically pure HIV-1 envelope protein in accordance with Claim 1. 

4. Substantially biologically pure HIV-1 envelope protein in accordance with Claim 1 of a purity and 
35 quality useful as a vaccine for humans. 

5. Substantially biologically pure gp160 protein in accordance with Claim 1. 

6. Recombinant substantially pure HIV-1 envelope protein in accordance with Claim 1 of a purity and 
quality useful as a vaccine for humans. 

7. A substantiaJly non-pyrogenic vaccine composition containing a protein in accordance with Claim 1 
40 together with an adjuvant 

8. A composition in accordance with Claim 7 wherein said adjuvant is particle-form aluminum 
phosphate. 

9. A composition in accordance with Claim 7 wherein said adjuvant is particle-form aluminum hydroxide. 

10. A composition for the treatment of acquired immunodeficiency syndrome (AIDS) compris ing a 
45 minor amount of a protein in accordance with Claim 1 together with a carrier. 

11. gp160 HIV-1 envelope protein in accordance with Claim 1. 

12. Recombinant gpl60 HIV-1 envelope protein in accordance with Claim 1. 

13. A recombinant DNA molecule for expressing HIV-1 envelope protein in accordance with Claim 1. 

14. A DNA molecule of Figs. 4a-4k herein for expressing HIV-1 envelope protein in accordance with 
so Claim 1 . 

15. A recombinant DNA molecule containing the DNA sequence for expressing the HIV-1 envelope 
protein of Claim 1 . 

16. A recombinant ONA molecule in accordance with Claim 15 containing a DNA sequence for 
expressing gp160 HIV-1 envelope protein. 

55 17. A DNA molecule in accordance with AC3046 herein. 

18. Substantially biologically pure undenatured or native HIV-1 envelope protein in accordance with 
Claim 1 recovered after expression in a host insect cell. 
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19. Substantially biologically pure undenatured or native gpl60 HIV-1 envelope protein in accordance 
with Claim 18. 

20. Recombinant substantially biologically pure undenatured or native HIV-1 envelope protein expressed 
by Ac3046 herein in accordance with Claim 18. 

s 21. The recombinant DNA molecule Ac3046 herein in accordance with Claim 17 for the expression of 
undenatured or native gp160 envelope protein of HIV-1 in an insect ceil. 

22. A method of treating a human patient suffering from AIDS which comprises administering to the 
patient a therapeutically effective amount of a protein in accordance with Claim 1 . 

23. A method for preventing AIDS in a human which comprises administering to said human an 
w effective prophylactic amount of a protein in accordance with Claim 4. 

24. A method of recovering and purifying recombinant HIV-1 envelope protein material expressed in a 
ceil which comprises after expression of said protein material recovering and washing the cells, lysing the 
cells, subjecting the resulting lysate to a lectin affinity chromatography followed by gel filtration chromatog- 
raphy and dialysis and recovering the resulting purified HIV-1 envelope protein material. 

75 25. A method in accordance with Claim 24 wherein said cells containing the to-be-recovered HIV-1 

envelope protein material therein are subjected to washing in a buffer solution containing 50 nM Tris buffer 

at a pH 7.5 and 1nM EDTA and 1% Triton X-100. 

26. A method in accordance with Claim 24 wherein cells lysis is carried out by sonication in a 50 nM 

Tris buffer at a pH in the range about 8.0-8.5 and 4% deoxycholate and 1% beta mercaptoethanol. 
20, 27. A method in accordance with Claim 24 wherein said gel filtration is carried out to a column 

containing Sephacryl resin. 

28. A method in accordance with Claim 24 wherein said lectin affinity chromatography is carried out 
employing lentil lectin. 

29. A method in accordance with Claim 24 wherein the resulting recovered purified HIV-1 envelope 
25 protein material is agglomerated or assembled into particles of about £ 2,000,000 molecular weight 

30. A method in accordance with Claim 24 wherein said HIV-1 envelope protein material is gp160. 

31. A method in accordance with Claim 24 wherein said HIV-1 envelope protein material is gp160 which 
is agglomerated or assembled into particles having a molecular weight of about £ 2.000,000. 

32. Undenatured or native HIV-1 envelope protein material in accordance with Claim 1 in finely divided 
so particle-form and having a molecular weight of about £ 2,000,000. 

33. Undenatured or native HIV-1 envelope protein material in accordance with Claim 32 wherein said 
protein material is gp1 60. 

34. Undenatured or native HIV-1 envelope protein material in accordance with Claim 1 having a 
substantially spherical particle-form in the range about 30-1 OOnM. 

35 35. Undenatured or native HIV-1 envelope protein material in accordance with Claim 1 wherein said 
protein material is gp1 60. 

36. An immunogen composition comprising undenatured or native HIV-1 envelope protein material 
complexed with alum wherein said protein material is present therein at a concentration of about 40ug/ml of 
said composition. 

40 37. A method of complexing HIV-1 envelope protein material with alum wherein said protein is 
complexed with said aiumn at a pH of about 7.0-7.2. 

38. A method in accordance with Claim 37 wherein said HIV-1 envelope protein material is gp160. 
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ISOLATION AND ENGINEERING OF HIV-1 envGENE 
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CONSTRUCTION OF RECOMBINATION VECTOR p3046 



FIG. 2 
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FIG. 3 

NUCLEOTIDE SEQUENCE OF DNA FLANKING THE AC3046 gp!60 CODING SEQUENCES 



TGCTGATATC ATGGAGATAA TTflflflflTGflT AACCATCTCG CAAATAAATA 
-100 

AGTATTTTAC TGTTTTCGTA ACAGTTTTGT AATAAAAAAA CCTATAAATA 
-50 



flTG — /3046/ >TRflTTflflTTflfl GT ACC GAC TCT GGT GAA GAG 

♦1 +2253 

GAG GAA ATT CTC CTT GAA GTT TCC CTG GTG TTC AAA GTA AAG GAG 
+2287 . 



TTT GCA CCA GAC GCA CCT CTG TTC ACT GGT CCG GCG TAT TAA 
+2332 -2374 
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FIG. 4a 



NUCLEOTIDE SEQUENCE AND PREDICTED AMINO ACID SEQUENCE OF 
3046 OPEN READING FRAME 



With enzymes: 
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1 + + + __ + + + 6(J 

TACGGGCCCGCACACTTCCTCTTCATGCTTGTGGACACCGCAACCCCGACCTTCACCCCG 
MetProGlyAxgValLysGluLysTyrGlnHisLeuTtpArgTrpGlyTrpLysTrpGly - 
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ThrMetLeuLeuGlylleLeuMetlleCysSerAlaThrGluLysLeuTrpValThrVal - 
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FIG. 4b 
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181 AW ^ ttIW ^ <a ^ AaTAM *^ 
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FIG. 4c 
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FIG. 4d 
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FIG. 4e 
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NUMBER OF OPEN READING FRAME BASES: 2253 

-v • 

NOMBER OF AMINO ACID CODONS: - 2253 ■»• 3 - 751 
Amino Add Number Weight. Totals 



GLY - 


53 


75.1 


3980.3 


GLO - 


41 


147.1 


6031.1 


ASP - 


25 


133.1 


3327.5 


VAL - 


48 


117.1 


5620.8 


ALA - 


37 


89.1 


3296.7 


ARG - 


39 


174.1 


6793.8 
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2942.8 
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6140.4 
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THR - 


53 
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LEO - 


61 


131.2 
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2732.6 


GLN - 


38 


146.2 
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HIS - 


11 
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1707.2 


PRO - 


29 


115.1 


3337.9 



TOTALS: 



751 



Total estimated weight of 

non-glycosylated polypeptide 



96,342.4 

- H 2 0 (751 x 18) 

- 84,824.4 



Total Number of glycosylation sites: 28 

x 2100 (wt per oligo saccharide) 



Total Estimated Mol. Wt. of gpl60 



- 84, 824.4 + 58800 
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The sequence and corresponding oodbns on the tcp lines are those credit 
froti the engineering and by Wain-Hobson et ai noST ^SLr^ predicted 
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"I in HI Ml III III III III HI fll 



"} — - — Extracellular Region (gpl20) — > Cys 

SS £ Si & S 3 S Si i £ Si 5= ~ «- «» 

50 
70 

111 111 111 "' < ~ ffiTiffffffi ft ftfffitf 

90 

IS « JS 5J SS £1 g JS £ 2£ SI 2i 2? ?" "* **> «» **> «• n. 

110 . His 

£ tS 3 gS gj Sc cS £ 5 S Si as is ?* Pro <** val *•* 



130 y y 



6250 



6310 



6370 



6430 



6490 



6550 



6610 



S £f £g iS £ iS ft £ 2 *" Ser "« to »* *n Ser Ser Ser 

150 



EP 0 327 180 A2 



FIG. 5b 
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111 •"<- mi in in igi in iii iimii m m m m iii mi m 
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TGT CCA AAG GTA TCC TTT GAG OCA ATT CCC AZA CAT TAT TCT GCC CCG GCT GGT TTT GCC Miii 

230 ¥ ¥ fy 

f~ If? Lys 0X8 *** Asn ^ Tftr p he Asn Gly Thr Gly Pro Cys Thr Asn Val Ser Thr 

1,1 111 111 m 111 "I III III Ml in mi in in I), in ,,, ,,, 1 1 1 ,,, ,,, 
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1,1 111 <>> Ml HI III IIC III in mi M I ill iii 1 1 & iii 
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nt?^?^7^7 MGtA6tAAIT ASUS GCC AAT TTC ACA GAC AAT GCT AAA ACC AIA 7090 

1,1 1,1 1,1 111 'I' in in in in in in in in mi mi m m m ?M 

290 Y v y 

ATA GTA CAG CTG ifr raa £? f 1 * CyS Thr Pro Asn Asn Asn Thr Arg 

III lit Tf? ttf TtT ?7^ AAT TGT ACA AGA CCC AAC AAC AAT ACA AGA 7150 

111 111 '" '" "I £1 Ml III Ml III Ml Ml Ml III III III III Ml III IN 



Thr 

310 



S? i3 52 2£ ^ Pro Gly phe Val Thr He Gly Lys Ile Gly 

111,11 "' "' "I HI IN Ml Ml III I Ml Ml III Ml Ml Ml III 
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it? aS !S S? £? Ile Ser Ar? Ala Lys Trp Asn Ala Thr Leu Lys Gin 
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All « Igc ™ S? S° Phe Gly Lys Ile Ile Phe Lys Gin Ser 

111 11 1 "I "I HI Ml Ml Ml Ml III III III Ml III 111 Ml Ml Ml 
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Si fi? Glu He Val Thr His Ser Phe Asn Cys Gly Gly Glu Phe Phe Tvr 

111 111 1,1 "' "I "I HI Ml Ml Ml Ml III III II M Ml Ml Ml Ml 
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FIG. 5c 
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Lys Trp Ala Ser Leu Trp Asn Trp Phe Asn He Thr Asn Trp Leu Trp Tyr He Lys He 

AAA TGG GCA AGT TTG TGG AAT TGG TTT AAC ATA ACA AAT TGG CTG TGG TAT ATA AAA ATA 8290 

in in HI Ml I MI MI III I Ill III Ml III III III III III T|| 
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